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Dascription 

The present invention relates to a pfogranvnable 
efement for a eemtoonductor SC QntdgnM drouIQ 
chip. 

An element utOizing the eledrtcal bieakitown of 
an Insulating layer thereof for aloring Information has 
been proposed. That Is, a conduction estal)li8hed in 
the insulating layer by eiectrfcal breakdown is assig- 
ned to eftiier logteal *1 " or "0" In binay notation. Such 
a pfogrammabte element was first disdosed by one of 
0ie oo^nventom of ttia present Invention and is des- 
cribed in 0ie Japanese Patent Nal 195815 of Math 
12, 1984. OthersubsequentpatentappUcations relat- 
ing to programmabls elements of this type have been 
filed, Including a Japanese patent applicatton 
publtehed under No. 60-74669» April 26. 1985, dis- 
closing the struchirs and fobrication processes of a 
PROM (programmable read only memory) and a 
mask ROM. and a United States patent ap^lcation 
fSed September 2, 1988, disclosing a structure of a 
PROM and a write operatkm for protecting non^eo- 
ted memory ceOs ton erroneous write-in, A com- 
prehensive presentation of the pfogrsmmable 
element was ghran at tiie 1985 lEDM Ontemational 
Electron Device Meeting), Washington, DC. under 
the title of "A NEW PROGRAMMABLE CELL UTILIZ- 
ING INSULAR BREAICDOWN- by ttie co-inventora. 

The programmable dementi which is herebiafter 
named BIC (Breakdown of Insulator for Conduction) 
cefl, has a structure coning an Insulating layer for- 
med between a couple of electrode layers. Typical 
appllcationa of BIC cell Include memory celts for a 
PROM (programmable read only memoiy) and 
switching means for a redundancy circuit (a rower 
column of a memory cell array) In a RAM (random 
access nwmoiy). In a PROM, for example, each of 
BIC cells formed on a semiconductor substrate so 
as to be associated with a corresponding one of 
anayed transtetors or diodes formed in ttie substrate, 
and thus, oonstftutss a memory cell disposed In a mat- 
rix arrangement The memory cell is programmed 
when the inmilating layer of the BIC cell is broken 
down by a voltage applied thereto. In tills memory cell, 
tile BIC ceO can be fonned dlrecfly on ttie associated 
transistor or diode in tiie manner ttiat the fanpurily dV> 
fusion layer for ttie drain or coOectorofttie transistor, 
for bislanoe. Is used as one of ttie eledrodee of tiie 
BIC ceH. This means ttiat a BIC cell can have a struc- 
ture stacked on each MIS FET,con8tftuting a memory - 
cell togettier, and hence, does not require a parfioular 
chip area tfier^ In contrast wfth prior art programm- 
able elements such as fitses or PN Junctions used In 
a conventional PROM. Hence, an Increase In die 
packing density of ttie PROM can be achieved by 
using BIC cells. 

The BIC cell Is designed so as to have a program- 
ming voHage, Le. breakdown voHage of ttie ineulattng 



layer, which Is In a predetermined vottage range. That 
is, ttie upper limit {tf ttw breakdown voltage must be 
tower ttian ttwt of ottierdreult elernenta, typfceily. ttw 
PN Junction formed l^ttie aforaaaid N* knpurity dHfo- 
s elon layer and ttie P^substtBte, for example. The 
tower limft of tfie breakdown voltage must be h^her 
ttian the nonnal operatirni voltage, ttie read-out volt- 
age of a memory eel, for example. In order to avokf 
enoneous programming of non-^elected memory 
10 ceOs during ttie read operatioa Accordingly, ttie 
breakdown voltage of ttie insulating layer Is to be In 
ttie range firom 10 to 20 volts. In generaL 

The Instiating layer of prtor art BIC cells is formed 
by QxkCzIng a doped-polysiiicon 1^. The above- 
fs mentioned Jepanese patent disotosesttiat a sflioon- 
09dde iojftr fomied tan a doped-pdyslicon layer 
implanlsd witti arsenic atoms to a dose of about 
UWycn^ exhibits a breakdown voltage of 30 to 
about 50 volts for a ttilckness of 120nm. 
20 However, ttie breakdown voltage of a sOlcon- 
oxtoe insulating layer fonmed by oxidizing such a do- 
ped-polysaioon layer is relatively high as 25 vdts and 
distributes wHh a range as broad as ± 7 volts. Further, 
ttie resistance of die BIC cells thus fobricated has a 
25 relatively high value ranging between 1 kohms and 1 0 
kohms. This high resistance Is provMed by ttie pdysl- 
Dcon layerwhlch acts as a resistor after ttie write operw 
ation. The high resistance Inevitably results in a low 
speed In the read operation of memory cells each 
so oomprtekig a programmed BIC cell. 

On ttie otiier hand, a sSicon-oxkie layer fonned t>y 
ttiennally oxldfadng a singie-crystal^mcon substrate 
cannot be used for a BIC cefl, as briefly discussed 
below. The electric field ttireshdd for ttie Intrinsto 
95 breakdown of eilcon dtoxMe (SIO2) euch as sUlca Is 
approximately 10 MV/cm. Therefore, It seems tiiat a 
programming vdtage of 10 to 15 vofis In ttie BIC cell 
could easfly be achteved by creattog a sQteon-dtoxtoe 
layer having a fliteknesa of 10 to 15 nnv Hoyraver, 
40 ttiere is a mode of breakdown whtoh Is considerad to 
be due to a certain type of lattice defect In ttie sllioon- 
oxkle layer, and lower breakdown ttvesholds dis- 
tributing around 3 MV/cm are reveated. This meens 
ttiat BIC celto Ina non-s^ected memory cell ehould 
45 erTDneou8tybeprogranimedl>yalowvoltege,suchas 
5 volte, applied to ttie sDtoonKsdde teyer during ttie 
readout operation, for example. 

It is, ttierefore, an ot)|ect of ttie present Invention 
to provkls a programmable element or BIC ceQ whteh 

50 can be etably programmed by a predetermined writo- 
in vdtage. 

It Is anottier object of ttie present Invention to pro- 
Wde a BIC cell having an improved Insulating layer. 
According to the Inventton, these and ottier 
55 ot^iecte are reached fay a prognammabie element com- 
prising: a lowv electrode layer fonned on a sub- 
strate ; an insulating teyer composed of at least tm 
dtelectric nrwterial finni, for exanipto a relatively ttiin 
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8inc»iHi{oxide fim and a relatively thick sincorHiRrida 
fflm. the dblectiic matsria) fflms being aueeesaivdy 
fbnnrKed on the tower electrode layer; and an upper 
electrode 1^ formed on the instiatbio layer, the 
upper electrode being separated from the lower eleo- » 
trade by the InsulatSng layer, such that the progrvrtm* 
able element is provided wim a conduction path 
between the lower and upper electredes when a volt- 
age capable of causing an electrical breakdown In the 
Insulating li^ b applied behween the lower and io 
upper elediodea. 

Further otjecta, features and advantages of the 
present Invention wOl become more apparent from the 
fbOowIng description made with reference to the 
accompanying drawings wherein: fs 

Fig. 1 la a cross-section nustrating a fundamental 

oonflguretton of a prior art BIG cell ; 

Rg. 2 la a cross-section Illustrating another con- 

figuratton of a prior art BiC cell ; 

Fig. 3 is a crose^ctlon ilustratlng a BIC cell 20 

comprisfaig an ragton which is commonly 

shar^ with a MIS FETfbmied together on a sub- 

atrate ; 

Rg. 4 is a crD8&«6ctk)n schematteaify illustrating 

a oonductton path formed In the insulafing layerof 2S 

a programmed BIC cell; 

Figs. 6 and 6 are equivalent cirouitB respedh^ 

corresponding to a BIC eel before progranunlng 

and after programmlrig ; 

Rgs. 7A to 7G are cross-secttons liustrating a 30 
method for fabricating a BIG cell according to an 
embodiment of the present Invention ; and 
Fig. 8 Is a croea-sectbn liustrating a BIC ceil 
according to another embodiment of the present 
inventton. 98 
Fig. 1 1s a cross-section liustrating a fundmentel 
Gonfiguratton of a prior art BIC cell comprising a lower 
eiedrode 1 foimed on e aubatrate 2 auch as a alicon 
IC chip. An insulating layer 3 Is formed as shown In 
Fig. ISO as to electrtealy isolate the electrode Ifirom 40 
the substrate 2. Another insulating layer 4 Is tbmied 
to cover electrode 1. The insulating Iayer4 Is a sfllcon- 
dioxide layer formed by oxkilzing the electrode 1 
which Is made of a polyslloon layer, for example* An 
upper electrode 5 Is fbnmod as shown fri Rg. 1 so as 4S 
to overiap the lower electrode 1 with the Interventfcm 
of the insulating layer 4. The upper electrode 5 can be 
made of a conventional electrode matertei such as 
akiminum (Ai), molybdenum (Mo) or platinum (PQ. 

lfaBICcdillsaalectedtobeprogrBmmed,avoK- m 
age laige enough to cause an eleotricai breakdown of 
the Insulating layer 4 is applied between the elec- 
trodes 1 and 5, hence a conductton path connecting 
the eieotrodee Is formed In the Insulating layer 4. As 
alrBadymentioned,lfthepolysOiooniayerconstituting 85 
the electrode 1 1s doped with arsenic atoms by an ton 
implantaflon, for example, to a concentralfon up to 
1x10i«^, a eOteon-dtoxkle layer 4 having a thick- 



ness of about 120 nm can be programmed with the 
application of a voltage of 30 to 50 volts. 

Fig. 2 is a cross^ction liustrating another oon- 
flguratkmof aprior art BIC cefl, with 8 tower electrode 
fonmedbyan impurity diffusion layer 6 such as an 
region fomied In a P^ype-eOicon substrate 7. In this 
case, an Insulating layer 9 having a contact hole 8 to 
expose the region 6 therethrough Is fbmied on the 
eubstratB 7. Another Insulating layer 10 Is fbnned to 
cover the regton 6. The Insulating layer 10 may be a 
altoon-dtaxkle layer of a thamiaily-axkllzedi>oiysll- 
con layer (not ahown) Ibimed on the region 6, as dis- 
closed In the above^nenttoned Japaneae patent 
Na1105615 and patent appllcatton No.60^74669. An 
upper electrode 1 1 of alumlnhjm, for example, b for- 
med on the insulating layer 1 0. 

The Impurity diffusion region 6 as^iown In Rg.2 
nmy be an (or P^) region of a diode or a drain region 
of a MIS FET (metal Insulator semiconductor fieid 
effect tranetetor) fonned In a semiconductor sub- 
strate. Hg. 3 is a cross^edton Ihtstraflng such a BIC 
eel comprising an N*" regton commonly ehared with a 
MIS FET, the BIC ceU and the MIS FET being formed 
together on a semiconductor substrate for oontfitut- 
tog a memory cell. Referring to Fig. 3, the BiC cell 
comprises an ft region 1 2 formed In a semiconductor 
8ub8trite13, an Insulating layer14fonned on the reg- 
ton 12 and an upper etedrode 15 fonned on the 
Insulating layer 14, and thus, has a oonfigumtton 
essentialiy shular to the one of the BIC cell of Fig. 2. 
The region 12 also constitutes the drain regton of 
a MIS FET comprising an source regton 16 and a 
gateetodrode 17. Thus, the region 1218 commonly 
shared by the BIC cell and the MS FET. to Fig. 3, 
reference numereto 18, 19 and 20 respecthrely desig- 
nate afield oxkle layer, an Insulting layer and a source 
electrode. It is obvtous from Rg. 3 that there Is no 
need fbr any Incremental chip area for the BIC cell 
sharing the regton 12 with the FET. Thus, the BIC 
cele can be ftnned on the eemtoonductor eubetrate 
without decreasing the packing density of the FETs. 

The BIC cell b programmed when a voltage pdse 
le applied between the tower electrode and the upper 
electrodeaoastocausea breakdown Inthelnsutoting 
layer therebetMveen. Thus, a oondudton path 21 com* 
posed of the upper electrode of atomlnum, for 
example. Is established between the electrodes, as 
shown In F^ 4. Like reference nunwrals designate 
like or oonrespondtog parts to Flga. 3 and 4. Rgs. 5 
and 6 are eqi^valent drouRs respectively oonespond- 
Ing to a BIC cell before pro g r am ming and after prog- 
rsnvning. Before programming, the tosulating layer 22 
of a BIG oel is non^nductive, as ehown In Rg. 5. 
While, once a breakdown Is caused therein, the circuit 
of Fig. 5 changes to a condudh/e state rsprssented 
by a rseistance R, as ahown to Rg. 6. if the noiHWV 
dudive alato Is assigned to togtoal "0" and the con- 
ductive atato totogteal "IMhe Insutating layeroTa BIC 
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ceO fo be progFammed as logical '1' Is broken down 
bya voltage pulse. 

When a plum^ of such oelle am disposed in X 
and Y dkedkms so as to fbmi a matrix anrangement. 
the cells which ere programmed store logtoal "1* data 6 
and non-programmed cells store logical "(T data, thus 
fonnlng a programmabb read only ntemory (PROM). 
The data are read out by applying e read out voltage 
to each of the oeDs and detecting a current flowing 
through each cell Cells each having a detected cur- to 
rentfiowfaig thersthiough are defined as to be in logi- 
cal '1" state and cells having no detected cunantaiB 
defined as to be in logical V slate. 

A BiC ceD as tfiown in Fig. 2can be used ae a 
awttchlngRmansforarsdundantclrcuftinasemioon- is 
ductor integrated circuiL When a memory cell array of 
an Integr^ed semiconductor memory device Includes 
a defBctWe menKxy cefl, the anay can be replaced t>y 
an equlvdent redundant memory cell array provided 
in the memory device. Referring to a BIC ceil as ao 
shown In Fig.2.lftheN*region6hasbeenlnteniaiy 
connected to a redundant memory cell array and the 
upper electrode 1 1 is connected to a read/write dncul^ 
the redundant memory cell array can be activated by 
causing a breakdown in the Insidating li^er 10. 25 

Rgs. 7A to 7G are cross-secttons Illustrat&ig the 
various st^ in the process of fabricating a BIC cell 
according to the inventkxu The present lnventk>n BIC 
celi has a sbocture as shown in Rg. 7G, wherein ths 
insulating layer 31 comprises a first dielectric film 32 30 
and a second dielectric film 33. That b, In an embo- 
diment according to the present Inventton, a double- 
layer-etructored insulating layer Is provided between 
a kiwer electrode 34, which is an region formed In 
a semiconductor substrate 35. for exanople, and an 56 
upper electrode 36. The first dtelectric fBm 32 and the 
eeoond dielectric film 33 are respectively formed from 
dfferent dielectric materials : the first dtelectrio ma- 
terial film 32 Is composed of silicon nitride {Sl^U^ and 
the second dielectric material fDm 33 is composed of 40 
slioon dk)xide (SiOa), for example, in Fig. 7G. the 
reference 37 designates an insulating layer con^ 
poeed of a PSO (phosopho-silicate ^ass). for 
example. The PS6 layer 37 fonned to cover the 
subsbate 35 and ties an opening therethrough to exp- 45 
ose the 1^ region 34. 

In the above, a P-type well formed In an N-type- 
slicon subatrata may be substftutsd for the substrate 
35. As In a prkr art BIC cell, the BIC cefl according to 
the friventton as shown in Rg. 76, is programmed by 59 
applying a voltage puise between the electrodes 34 
and 36 80 as to cause a breakdown in the Insulating 
layer 31. 

The fabrication steps of the BIC cell shown in Rg. 
7G wfll now be described. Referring to Rg. 7A, a eOl- ss 
con-dk»dde (Si02) layer 38 having a thfckness of 
about 20 nm, for example, Is formed on a P-type 
single crystal sQfcon substrate 35 by oxkllzlng the sub- 



strate ataboutd50<'C.Aresi8tmaaklM(notshown) 
is formed on the substrate 35 and pattmedtoexpoes 
a predetenhined regton of the subetrate 35. Then, 
arsenb Ion knplantetton is performed in the eubetnato 
by using the resist mask layer. Thus, arsenic atoms 
CAs) are selecthrely knplantod In the aubetrtfa 35, as 
schematfeaHy represented 1^ a dotted line 98 In Rg. 
7& Exemplary oondltiona for the Aa Ion Impi an t a tfc w i 
Include km energy of lOOKeV and doaage of 4x10« 
tons/cm^ for the As kxis. 

The resist mask layer (not shown) arMi toe 8iQ2 
layer 38 are removed and andhsr SIO^ 1^ (not 
ehown) having a thktoess of about 20 nm Is fonned 
on the eubetrate 35 by using a conventional oddatton 
at about 950^ Than, a PS6 teyar 37 having a thickr 
ness of about 1 micron Is fonned on substrate 35 by 
using a conventional CVD (chemical vapor depositon) 
method, for example, as shown In Rg. 7a The PSO 
layer 37 aelecllvely removed to form a contact hole 
40 to expose the As Ion implanted ragton 39. as 
shown in Rg. 7D, by using a conventkmai dry etching 
method. The substrate 35 is, then, heated in an inert 
atmosphere such as nlrogen gas (NtJ for about tan 
minutas at 1050^ so as to provide the step at the 
periphery of the contact hole 40 wtth a genlte stope. 
The knpianted As atoms 39 are actlvatBd to form an 
1^ region in the P-type substrate 35 during the above 
themial process. 

A film 32 having a thickness In the range 
between 5 and 20 nm Is fonned on the substrate 35 
and patterned to cover the contact bote 40 as shown 
In Rg. 7E. and then, a Si02 fHm 33 having a thidkness 
In the range between 03 and 10 nm la fanned on the 
Si3M4 film 32, as shown In Rg. 7F. Prefarably, the sOI- 
con n^ride fBm 32 has a thickness terger by a factor 
In the range of 1 to40thanthatofthesilicon-ctodde 
layer 33. The SiQa film 33 may be provktod by QxfcO- 
zfrig the suriiaoe of the SI3N4 film 32. Followtog the 
above, a layer of a conducting material such as a 
metal or a metal altoy including alumlnkffn, molyb- 
denum or platinum. Is formed on the aubstrato 35 t)y 
using a oonventkmal thin flm technology, sputtering, 
for exampte, and patterned to provMe a wMng layer 
36. Thus, a BIC ceil In accordance with the entbod)- 
msnt shown In F^. 7G Is febricated. As In prior art BIC 
eels, the knpurfiy dlffuston regkm 34 may constftute 
a drain rsgton of a MIS FET formed to the subsbate 
35. 

Rg. 8 shows another embodiment of a BIC eel 
aoooiding to the Inventton, wherein the 8l02fibn 33 is 
tomrted prfor to the patterning of the S|3N4 film 32 and 
pattemed together with the Si9N4 film 3Z Each of BIC 
cells shown in Rg. 7Gand FtQ. SrevsaisdesiaUylow 
progranming-voltage characteristics and ON^tate 
rssbtence in the programmed state. The progranv 
mtng voltege, le. the breakdown voltage of the 
Insulaftig layer 31, is as low as 18 volte compared 
wBh 25 volte of the prior art BKC cell as shown ki Figs. 
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2or3 with a narrow distrf button such as 1 1 volt In corv 
trast to a broad distribution such as ± 7 volts in tha 
prior art BIC ceiis. The resistance of the Insulating 
layer 31 of the programmed BIC cell la as low as 500 
ohms compared wRhlkohms to lOkotvns In the prior $ 
art BIC ceils. 

As a variant the Insulating layer 31 of the BIC ceil 
according to the Invention may comprise an upper 
dielectric !Bm 33 of SI3N4 and a lower dielectricfllm 32 
of 8IQ2 Instead of the upper SIOz film 33 and the lower 10 
8I3K4 f8m 32 of Fig. 70, or may have a triple^ayer 
structure consisting of upper and tower Si02 films and 
an intemnediate SI3N4 film, for example. In this last 
case, the upper aQtoon-dloxide film may be fomted by 
partialiy oxydizlng the IntermedlalB sllloon-nilride film. 15 

The reason why a low and stable programming 
voltage Is achieved bi the present inventton BIC eels 
having a composite Insulating layer as described 
above Is not elucidated yet This may possibty be due 
to the low leak current characteristic of the SfOz film 20 
and the leas oonoentratlon of local field In the SIsNi 
filn^ That is, a SIQzfilm has a high rasisth/ity before It 
is electrically broken down. On the other hand, a SI3M4 
film reveals a relatively large leak current flowing 
therethrough. The leadc current In the Si3N4 flim is con- 2S 
aldered to be carried through traps existing In ttie 
SIsNi fDm and serves to reduce ttie concentratton of 
local field to be established due to the iatttee defects 
In the film. Accordingly, such a breaicdown at a low 
field strength as caused in a thin SIO2 fSm as men- 30 
ttoned before is not usualy revealed in Sljfi^ fams. 
IHowever, the leak current In a SIsN4 fim haa ao large 
a vdue as to cause an erroneous operatton In a circuit 
comprising a number of BIC cells if the Insulating layer 
consists only of a S^Ni film. 35 

A BIC cell of the present invention comprises a 
relatlvety thick SI9N4 film andarelatlveiy thin SiOa fim, 
wherein the relatively thick 8I3N4 film withstands the 
operating voltage untO the writenn voltage is applted 
thereto, and the rslatively thin SiO^ film prevento the 40 
leak current to flow through the BIC cell. Accordingly, 
it Is obvious that the composite insulating layer of the 
present invention BIC cell Is not limited to the combi- 
natton auch aa SICVSIsK4 and Si(VSisN4/BiQi but 
any different InaulatIng fltma having properties for 46 
exerting the same effects as those of Si02 and ${^^4 
films, respectively, can be exmployed to be substi- 
tuted therafbr. 



Claims 

1. A programmable element for a semiconductor 
integrated drcuit chip, comprising a lower electrode 
layer (34) formed on a substrate (35) ; a first insulating m 
layer (31) formed on the lower electrode layer ; and an 
upper electrode layer (36) fbrnned on the first Insulat- 
ing layer, the upper electrode being separated from 



the lower electrode by the first insulating layer, 
whereby the progranvnable element is provtoed with 
a oonductton path between the lower and upper eleo-. 
trodes when a vottage capable of causing an dectri- 
cal breakdown in the first tosulating layer Is applied 
between the lower and upper electrodes, 
characterized in that aaid first insulatir^ layer (31) is 
composed of at least two films (32,33) of dleledrto ✓ 
materials, auooessively formed on aaki tower elec- 
trode layer (34), aaki dielectric material time having 
respective specific dielectric constants different from 
eech other. 

2. A programmable element according to dabn 1, 
wherein one of eaki dielectrtc films la a sBtoofHiHride 
fBm(32). 

3. A progr am mable elenMnt according to any one 
of dalms 1 and 2, wherein one of said dielectric filme 
is a silicon-dioxide film (33). 

4. A pro^ammable element according to any one 
<tf claims 1 to 3, wherein said first insulating layer 
oomprisee a relatively thin aOtoon^taxIde film ^) 
and a relathreiy thick aDIoon-nitride film (32). 

6. A programmable etoment according to any one 
of the preceding claims, wherein one of said dielectric 
films is a eBicon-nitride film (32) having a thickness to 
a range from 5 nm to 20 nm. 

8. A pr ogr anu nebie ekmient according to any one 
of the preceding daima, wherein one of said dtoledric 
fflms is a sUtoon-dtoxtoe film (33) having a thickness 
in a range from 0*5 nm to 10 rnn. 

7. A programmable element according to any one 
of the preceding dalms, whereto eald substrate (35) 
to a eamlconductor substrate having e oonductMly 
type and said lower electrode (34) Is an toipurity dif- 
fusion layer formed in ssHd semiconductor subs&rata, 
aaid impurify dtffuston layer having a conductivity type 
opposite to that of said semiconductor substrate, and 
aaid programmable element further comprises s se^ 
ond Insulaling layer (37) fanned on said semiconduc- 
tor eubstrete, aaid aecond ineutoting layer having a 
contact hole selectively formed therein to expose said 
Impurity diffuston layer (34), said first insulating layer 
(31) being fanned on said contact hole so as to cover 
eald expoaed impurity diffusion layer and eald oon- 
ductton path is eslabliahed between eakl knpurity dN^ 
fusion layer (34) and said upper electrode (38) by 
appiytog a voltage therebetween. 

0. A programmable element according to dalm 7, 
wherein said aecond msulating layer (37) la com- 
poaed of a phosphfrelteate glass. 

9. A programmable element according to any one 
of deims 7 and 8, wherein aaid Impuri^ diffusion layer 
(34) constitutes a drain regton of a MIS FET (metal- 
Insulatop-semloonductor field-effect-iransl^) for* 
med In eald semtoonductor substrate. 

10. A programmable element according to any 
one of the preceding dalms, wherein said first Insulat- 
ing layer (31) Indudes a sllteon-rdtrkla film (32) and a 
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sOicon-dtoxidd fim (33), said alllcon-nitride film ^) 
having a thfcicness larger by a fiaclorin the range from 
1 to 40 than that of said slicon-dioxfde flm (33). 

11. A programmable element according to any 
one of the preceding dahns, wherein sakj first Insulat- 
ing layer (31) comprises an undertying sflloon-nilrlde 
film (32) and an overlying sBicon-diQxide film (33). 

12. A programmable element according to dakn 
11, wherein said oveifying sBicon-dioxIde film (33) to 
fbmied by partially oxidisdng said underlying alioorv 
nftride layer (32). 

13. A programmable element accordng to any 
one of dabns 1 to 10, wherein said first Insulating 
layer comprises an underiylng sOloon-dioxide fibn and 
an overlying sHicon^ftride fQm. 

14. A programmable element as set forth In daim 

13, wherein said first Insulating layer further com- 
pitoes another silicon-oxIde f&n fonfned on said over- 
lying seioon-n&ride film. 

15. A programmatrfe element as set forth In daim 

14, wherein said another sIHcon-oxIdefBm on aakisli- 
con-nlfride fDm Is fbnmed by partiaDy oxidiz&ig said 
slioon-nBridefHm. 

16. A programmable elentent according to ariy 
one of the preceding daims, wherein said upper eleo 
trode (36) is composed of a metal or metal alloy, 
induding alundnlum, mdybdenum or platinum. 



Anspruche 

1. Programrr^ert>a%s Element fOr ein integriertes 
HalUeiterschaitungschlp, mit einer unteren Eleldro- 
denschicht (34), die auf einem Substrat (35) gebDdet 
ist ; einer ersten isolierenden Schidit (31), die auf der 
unteren Eleldredenschteht gebildet ist; und einer 
oberen Bektrodenschicht (36), die auf der ersten ieo- 
llerenden Schlcht gebildet tot, welche obere Elekbode 
von der unteren Eleidrode durch die erste todterende 
Schlcht getrennt 1st, wodurch das programmlerbare 
Bement mit einem Leitungsweg zwischen den unte- 
ren und oberen Eiektroden vereehen tot, wenn eine 
Spannung, die einen eieldrisdien Durchbrudi In der 
ersten isdierenden Schlcht zu venjrsachen fihig ist, 
twtechen den unteren und oberen Eieldroden au^ 
t)recht wird, 

dadurch gelcennzelchnet, da& dto arete todierende 
Schlcht (31) aus wenlgstons zwd Rtmen (32, 33) aus 
dtoleldrischen Materiallen zusammengesetzt ist, die 
sulsessiv auf der genannten unteren Eieldpode (34) 
gebildet sind, welche Rms aus dtoieldrfschem Mate- 
rial JewaQs speziRsche dieiektrischs Konstanten 
haben, die voneinander verschieden sind. 

Z Programmierbares Bament nach Anspruch 1, 
bel dem Oiner der genannten dielefctrischen Flme ein 
S6idumnitridfilm(32)tot 

3. Programmierbares Element nach einem der 
AnsptOche 1 und 2, bel dem einer der genannten 



dtolektrlschen FSme ein SIItehimdk»i^(33) tot 

4. Pfogrammiert)ares Element iMCh einem der 
AnspiOche 1 bis 3, bel dem die genamtts erste teoiie- 
rsnde Schicht eInen rdativ cffinnen Siidumdloxidfllm 

s (33) und einen rdattv dicicen SlldumnMdfltafi (32) 
umteOt 

5. Programmierbares Element nach einem der 
vorhergehenden Anspriiche, bai dam einer der 
genanntan dideldrlSGhen FBms ebi SMunnirfdflbn 

10 (32)tetiderein8DidcBimBerslGhvonSnmbte20nm 
hat 

6. Programmtorbares Element nach efaiem der 
vorheigehenden AnspiOche, bel dem einer der 
genenntsn dleteldrischen FVme ein Slldumdloxldflbii 

15 (33)tet,derelneDldcelmBeretohvomQ,8nnbto10 

nmhat 

7. Programmierbares Bemert nach einem der 
vorheigehenden AnsprOche, bel dem das genannto 
8ubstrat(35)einHalbteitereubatrattotdaseteenteil- 

20 f&h^lceit^hatunddtegenannteuntereBeidrDde 
(34) eIne VerunreinlgungsdimisionsecMcht tot, dto in 
dem genannten Haibtoftereubstrat gebldet tot dto 
genannte Veninreinigungsdifliuslonaachlcht tinen 
LeiffihIglcBltstyp entgegengesatzt zu Jsnam des 

2$ genannten HalbleiterBubstrate hat und das genannte 
programmlerbare Bement femer aine zwefte IsoHe- 
rende Schlcht (37) umfaU. die auf dem genannten 
Haldeitoreubstrat gebildet tot weiche zwefta todte- 
rende Schidit ein Kdntaldloch hat dae eeleldiv darin 

30 gebldet tot urn dto genannte Verunreinigungsdiffu- 
sionsschicht (34) zu expontoren, dto genannte erste 
teoilsrende Schicht (31) auf dem genannten fContald- 
loch gebfldet tot um eo die genannte exponierto Ver- 
unrsin^ungsdrffiisionsschlcht zu bededcen, und der 

35 genannte Leitungsweg zwischen der genannten Ver- 
unreinlgungsdlffuslonsschlcht (34) und der genann- 
ten obersn Beidrode (36) durch Auftulngen einer 
Spannung dazwbchen hergestdlt wird. 

8. Programmierfoares Bement nach Anspruch 7. 
40 bel dem dto genannto zwelte tooFierende Schicht (37) 

aus einem PhosphorsBlica^as t^stehL 

9. Programmiarfoaree Bement naoh dnem der 
AnsprOche 7 und 6, bd dem (fie genannte Verunref- 
nigungsdiffusiormschicht (34) einen Drainberelch 

46 B\nQs ii4IS-FET-(Meteii-lsdator-HaIbtoiter-Feidefrdct- 
transtotors) bidet der in dem genannten Hdbteiter- 
substrst gebildet tot 

10. ProgrammierbarBa Element naoh dnem der 
vorhergehenden Ansprfiche, bel dem dto genannte 

50 teoOerende Schicht (31) einen SHIdumnSridfilm (32) 
und einen Sllidumdioxidfiim (33) umfafit der 
genannte SlldumnitridfOm (32) eIne Didce hat dto um 
einen Faktor Im Bereich von 1 bto 40 grSQerda Jane 
des genanntan Slidum(fioxldf8mB (33) tot 

05 11. Programmtort>arB8 Bement nach dnem der 
vorhergehenden Anspifiche, bel dem die genannto 
erete isollerende ScWcht (31) einen unten liegenden 
SIHdumnitridfibn (32) und dnen oben Itegenden Sll- 
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duimnoxIdfHm (33) umfadL 

12. Programmierbam Element nach Anspruch 
11, bel dem der genannte oben llegende Sllidumdlo- 
xkHam,(33) durch teOweises Oxldieren der genannten 
unten liegenden SQidumnftridachteht (32) gebBdet isL s 

13. PrograiTvnierbares Element nach einem der 
Anspruche 1 bis 10, bei dem die genannte erata lao- 
llerende Schicht einen unten liegenden smdtimdio- 
xMfDm und einen oben liegenden 
SUidumnrtridfUn^faat 10 

14. Prograntmierbares Element nadi Anspnid) 
13» bel dem die genannte erste ladlerende Schidit 
femer einen anderen SBIdumoxidfOm umfe&t, der auf 
dem genannten oben liegenden SIUcunnnltridfDm 
gebBdet let is 

15. Progranvnierbares Element nach Anepnich 
14, bel dem der genannte andere Slliciumaxidfilm auf 
dem genannten Siichimnitridfilm durch teQweises 
Oxldieren dee genannten SBIdumnRridflme gebldet 

iat 20 

16. Programmlerbares Element nach einem der 
vorhergehenden AnsprOche, bei dem die genannte 
obere Elelctrode (36) aua ebiem Metall Oder einer 
Metaliegiening einschlie&flch Aluminium, Molybd^ 
oderPlatingebiidetisL 26 



Revendlcatlons 

1. Element programmable pour puce d drouit 30 
tntdgrft semiconducteur, comprenant una oouche 
d'6lectn>de infdrleure (34) formde aur un eubatiat 
(35) ; una premito oouche isdanta (31) fdmte auria 
couche d'61ectrode inf6rteure : et une couche d'dleo- 
tFOde eup6rfeure (36) imn6e aur la premiere oouche 38 
iaoiante, r^ledrode sup^eure tont 86par6e de 
r^tedrode faifdrieure par la premlto couche Isdante, 

al bien que r^ltoent programmable est dot6 d^n tra* 
Jet de conduction entie lea Aectiodea inf§r!eura et 
aupMeure lorsqu'une tension auaceptlble de prevo- 40 
quer une rupture 4lectrlque dans la premiere couche 
Isolante est appliqu6e enb'e ies Electrodes sup^eure 
et Inttrteure, 

caFact6ria6 en oe que ladite premi to oouche Isdante 
(31) eat oonatftude d'au mdna deux peOlcuies (32. 33) 4S 
de mat^rlaux diftlectrfques, qui sont aucceasfvement 
formtes aur ladite couche d'EIectrode Inf^rfeure (34), 
lesdttes pdllcules de nrmtdriaux dl^ectrlques ayant 
dee oonstantes di^lectriques ep6cirK)ues qui sont rea- 
pedivement diffdrentBa Tune de I'autre. so 

2. B6ment programmable sdon la revendtcation 
1, od Tune desdltes pellicuies dldlectriques eat une 
pelllcule de nitnire de sHicium (32). 

3. Q6ment programnnable sdon Pune quelcon- 
que des revendlcationa 1 et 2, od Tune desdltes pel- 65 
licules dl^edriques est une pelllcule de dioxyde de 
6DIdum(33). 

4. Element programmable adon Puna quelcon- 



que dea revendicatbns 1 d 3, oO ladite premlto cou- 
die Isdanta oomprend une pelllcule de dioxyde de 
aOidum rdativement mince (33) et une pdllcuie de 
nitrure de aBidum rdativement 6palaae (32). 

5. B6ment progranrvnable sdon Tune qudoon- 
que des revendications pr6c6dentes, oCi I'une desdK 
tes pdlicuies didedriques est une pdllcuie de nKnire 
de sBidum (32) possddant une 6palsseur comprise 
dana rintarvalle de 5 nm & ^ nn\. 

6. Element programmable adon Tune queicon- 
que des revendications prteMentes, o& rune desdl- 
tes pdUcules didedriques est une peOlcule de. 
dioxyde de sHldum (33) ayant une Epaisseur 
comprise dens rintervalle de 0,5 nm £i 10 nm, 

7. Element progremmable adon I'une qudoon- 
que dea revendications pr6o6dente6, oQ ledit subetrat 
(35) est un substrat semiconducteur poss6dant un 
certain type de oonductMtd et iadte 6lectrode Inf6- 
rleure (34) est une couche de diffudon d'impuret6lbr- 
mte dans ledIt substrat semiconducteur, ladite 
couche de diffusion dimpuretft ayant un type de 
oonductlvlt6 oppose i celui dudit substrat aemioon- 
dudsur, et ledit 6ldment programmable oomprend en 
outre una deuxldme couche Isolante (37) fonnte sur 
ledIt substrat semiconducteur, ladite deuxidme oou- 
che Isdante possEdant un trou de contad sdectNe- 
ment fonn6 dans oelle-d de fegon ft exposer ladite 
oouche de diffudon d'Impureti (34), ladite premito 
couche isdante (31) 6tant fonnie sur ledft trou de 
contact de fe^n d couvrir ladite coudie de dtffiision 
d'Impuretd exposde d ledit trajet de conduction est 
6tabti entre ladite couche de diffiiaion dlmpuretd (34) 
et ladite 6lecirode 8up6rleure (36) par application 
d'une tendon entre oeBee^L 

6. Element programmabie adon la revendication 
7, oil ladite deuxidme couche Isdante (37) est oona- 
tftu6e par un verre de phosphosliicata. 

8. Ei6ment programmable salon I'une qudccuv 
que des revendications 7 et 8, oO ladite oouche de dif> 
fusion tfbnpuretd (34) conatitue la nfigion de drain 
d'un FET MIS (transistor d effet de champ m6tal-to- 
lant-semicondudeur) fom& dans ledit substrat aemi- 
oonductsur. 

10. Element programmable sdon Puna queloon- 
que des revendlcationa prteddentea, oh ladite pre- 
miere couche Isdante (31) compoite une pdllcuie de 
nitrure de sRIdum (32) et une pdllcde de dioxyde de 
sRIdum (33), ladite pdllcde de dtrure de slidum (32) 
ayant une dpdsseur plus grande, d'un facteur 
oomprls entre 1 et 40, que oeOe de ladite pdllcuie de 

' dioxyde de sOldiOTi (33). 

11. Element progranvnable edon Puna qudowv 
que des revendications prdo6dentes, oO ladite pre- 
miftre couche isdante (31) oomprend une pelllcule de 
nitrure de sITidum situde au-dessous (32) et une pd- 
llcde de dioxyde de sBidum situie eu^dessus (33). 

1Z EMment pfogrammable adon la revendica- 
tion 11, oO ladite pdllcde de dioxyde de aBldum 
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sftti6e au-dessus (33) estfbnnii^e paroxydation par- 
tielie de ladfte pelllcuie de nftrure de slidum shu^ 
au-dessous (32). 

13. B^mentpTx^iammable seionrun&cptdcon- 
quedesravendicationsl dKLoOladttapremitooou- s 
chs ladania oomprend una peOicula de dkn^de da 
alldimi aftude au-deasous et ime pellicula da nftrim 

de alllduin sftu^e au-dessus. 

14. Element pragFammable ^lon la revendlca- 
tion13»ofiladlt8prerTridr8couchei80lantecomprend fo 
en outre une autre peflicula d'cu^de de altdum for- 
mte aor (adile pellfoulade nftrure de elidum aitude 
au-de88U8» 

15. Bdment programmabie aelon la rsvendlca- 

tion 14, oQ ladite autre pelllcuie d'oxyde de afiidum ae 18 
tnouvant aurladlte pelllcuie de ntirura de allctuin eat 
fbnnte par oxydation parlielle de ladite pelllcuie de 
nInmdeaDldum. 

16. B6ment programmat)le seion Tune queloon> 

que des revendlcations pr^c^ntas, ladite ^leo 20 • 
trode aup6rieure (36) eat con8titu6a d^n n)6tal ou 
d'un alliage de nidtal. comprenant I'alunilnhnn, la 
motytidtee ou le platine. 
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FIG. 7 A 
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FIG.7C 
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